If the unidentified emission line at ∼3.55 keV previously found in spectra of nearby galaxies and galaxy clusters is due to radiatively decaying dark matter, one should detect the signal of comparable strength from many cosmic objects of different nature. By studying existing dark matter distributions in galaxy clusters we identified top-19 of them observed by XMM-Newton X-ray cosmic mission, and analyzed the data for the presence of the new line. In 8 of them, we identified > 2σ positive line-like residuals with average position 3.52±0.08 keV in the emitter's frame. Their observed properties are unlikely to be explained by statistical fluctuations or astrophysical emission lines; observed line position in M31 and Galactic Center makes an additional argument against general-type systematics. Being interpreted as decaying dark matter line, the new detections correspond to radiative decay lifetime τDM ≈ (3.5 − 6) × 10 27 s consistent with previous detections.
The origin of missing mass in cosmic objects ranging from dwarf galaxies to galaxy clusters, large-scale structure and the observable part of our Universe, remains unknown. Assuming Newtonian/Einsteinian gravity and dynamics to be valid one has to introduce new type of matter -the dark matter -presumably in form of new elementary particles beyond the Standard Model of particle physics. Non-zero interaction strength of dark matter particles with Standard Model particles may lead to 2-body radiative decay of the dark matter. Because present-day velocities of dark matter particles in haloes should be highly non-relativistic, such process would produce the narrow dark matter decay line. This motivates extensive ongoing studies of such lines in spectra of cosmic objects with established dark matter contribution.
The most intriguing dark matter decay line candidate reported so far is the ∼3.55 keV line detected in central part of the Perseus galaxy cluster and different combinations of galaxy clusters [1] , Andromeda galaxy and Perseus galaxy cluster outskirts [2] , Galactic Center [3] , Perseus, Coma, and Ophiuchus galaxy clusters [4] 1 , see also [5] . Although decaying dark matter can naturally explain basic properties of the line in these objects -correct scaling of the line signal with object redshift and projected dark matter mass density -several alternative hypotheses invoking standard or anomalously enhanced astrophysical line emission [6] [7] [8] , decay of excited dark matter states [9] , annihilating dark matter [10, 11] , dark matter decaying into axion-like particles with further conversion to photons in magnetic field [12] have been proposed thereafter, see [5] and references therein.
To further check the decaying dark matter origin of the ∼3.55 keV line, we identified cosmic targets having the largest expected decaying dark matter signal. We used public observations of European Photon Imaging Camera (EPIC) [13, 14] on-board XMM-Newton X-ray observatory [15] -the most sensitive existing instrument to search narrow faint X-ray lines [16] .
Object selection. For distant objects, the dark matter decay flux [in photons cm
where S DM ≡ ρ DM (l)dl is the dark matter column density along the line of sight, Ω fov ≪ 1 is the Field-of-View of the instrument, m DM -mass of the dark matter particle, τ DMradiative dark matter decay lifetime.
We define signal-to-noise ratio as
where N line ∝ S DM t obs is the number of counts expected from decaying dark matter during observation time t obs and ∆N back is the uncertainty of background counts. Neglecting systematical errors and assuming Gaussian statistics, we obtained ∆N back = √ Bt obs , where B is background count rate (in cts/s) measured in 3.4-3.65 keV in object's rest frame. So the signal-to-noise ratio is proportional to
Because of strong dependence of SN R from S DM , we first identified objects with the largest column density in XMMNewton/EPIC Field-of-View. In this paper, we concentrated on galaxy clusters -the objects having the largest column densities inside the characheristic radius of dark matter haloes [17, 18] . For each of these objects, we calculated dark matter column densities S obj inside the innermost 14' radius circle R 14 (roughly corresponding to the XMMNewton/EPIC Field-of-View) using dark matter distributions available in [17] , see Appendix A, and broadened the obtained column density ranges by 0.15 dex to account typical residual uncertainties in dark matter distributions [17] . We then calculated the foreground column density S MW from Milky Way halo by using the newest dark matter distributions compiled in [3] . Because in most of objects XMM-Newton/EPIC energy resolution is comparable to the energy split between the expected dark matter decay signals from object and the Milky Way halo, we multiplied the latter by a correction factor:
where z obj is the object redshift, E line ≈ 3.55 keV is the line position, σ instr is the Gaussian dispersion width corresponding to energy resolution of the instrument 2 . According to Fig. 5 .24 of [19] , for XMM-Newton/EPIC imaging spectrometers σ instr ≈ 60 eV at the energies of our interest.
We identified 20 galaxy clusters with the largest S DM , one of them -Abell 539 -was not observed by XMM-Newton. The basic properties of the remaining 19 objects are summarized in Table I .
Data reduction. For objects of our interest, we first downloaded all public observation data files for MOS [13] and PN [14] cameras of XMM-Newton X-ray observatory [15] , and processed them using Extended Sources Analysis Software (ESAS) package [20] publicly available as part of XMMNewton Science Analysis System (SAS) v.14.0.0. Time intervals affected by highly variable background component -soft proton flares [20] -are filtered using ESAS scripts mos-filter and pn-filter. We used the standard filters and cuts provided by ESAS software. We excluded bright point sources detected with the standard SAS procedure edetect chain, extracted source spectra and produced response matrices inside the 14' radius circle around the NASA Extragalactic Database (NED) source position using ESAS procedures mos-spectra and pn-spectra. Background spectra were prepared by ESAS scripts mos back and pn back. For PN camera, we additionally corrected the obtained spectra for out-of-time events. Finally, for each object we combined spectra and response files from MOS and PN cameras using addspec FTOOL procedure similar to [2, 3] , and grouped the obtained spectra by 60 eV per energy bin to make the bins roughly statistically independent.
Spectral modeling. For each object, we modeled separately its combined MOS and PN spectra in Xspec spectral package with the sum of non-thermal (powerlaw) and thermal (line-free apec) continuum components, and several narrow zgaussian lines of astrophysical origin and the new line absorbed with phabs model and folded with re-sponse files. The powerlaw index Γ = 1.41 and normalization 11.6 photons cm −2 s −1 sr −1 keV −1 at 1 keV are fixed to best-fit values of [21] . We chose the modeled energy range 2.1-6.0 keV avoiding strong emission lines. To account residual line-like calibration uncertainties we added 0.4% (MOS) and 0.25% (PN) systematic errors in quadratures using Xspec parameter systematic, according to Sec. 5.3.5 of [19] . The absorption hydrogen column density was fixed at weighted Leiden-Argentine-Bonn survey [22] value obtained through n H tool of the NASA High Energy Astrophysics Science Archive Research Center (HEASARC). The redshifts of apec and zgaussians were fixed at values from NASA Extragalactic Database (NED). The new line position is allowed to vary in 3.35-3.70 keV. To calculate the contribution of other astrophysical lines in this region, we used the bright 'reference' S XV line complex at ∼2.63 keV detected in majority of our combined spectra, see Appendix B for details.
Fit quality, plasma temperatures, maximal expected fluxes from K XVIII line complex at 3.51 keV, new line positions and normalizations, and increase of χ 2 statistics due to the new line are summarized in Table II . If no line is detected at 1σ level, we put 2σ upper bounds instead.
Discussion. Assuming decaying dark matter origin of the line at ∼3.55 keV previously reported by [1] [2] [3] [4] , we identified 19 galaxy clusters with the largest expected significance of dark matter decay signal. Using publicly available XMM-Newton observations of their central parts, we confirmed previous detections in Perseus [1, 4] and Coma [4] clusters, and found >2 σ positive line-like residuals in 6 new objects, see Table II for details. We consider the following traditional origins of new line detections: (a) pure statistical fluctuations; (b) contribution from nearby astrophysical emission lines; (c) (unknown) systematical effect.
To check whether pure statistical fluctuations may cause our detections, we simulated cluster spectra using FTOOL fakeit for all objects shown in Table II based on our best-fit models without adding a new line in 3.40-3.65 keV, looked for ∆χ 2 increase caused by adding the new narrow zgaussian line in the energy range 3.40-3.65 keV (thus accounting for the look-elsewhere effect). The average value of 3 maximal ∆χ 2 for each simulation is in the range 2.1-5.2, much smaller than 13.6 (12.5) obtained from our MOS (PN) observations. Therefore, we conclude that pure statistical fluctuations alone can not be responsible for line detections in Table II. Explanation of the new lines with astrophysical line contribution is also unlikely. The maximal contribution of the most promising astrophysical line candidate -K XVIII line complex at ∼3.51 keV -is already included to our model, see Table II. Other astrophysical lines are both too faint and should produce detectable signatures at other energies. For example, to explain the excess in Virgo cluster (also consistent with Table II for details. The spectra are binned by 60 eV and presented in detector's frame similar to [2] . Blue and red residuals (bottom) are shown with respect to the best-fit model with and without adding an extra line, respectively. Left: MOS spectrum of Abell 2199. Right: PN spectrum of Abell 496. pure statistical fluctuation), one should assume 3.398 keV astrophysical line from S XVI ∼5 times higher than the maximal contribution from the bright S XV line complex at ∼2.63 keV obtained from Fig. 4 . On the other hand, one cannot exclude the possibility of strongly super-solar abundance because there can be variations of Potassium abudance up to 1 dex [24, 25] . According to [26] , further studies of the new line using forthcoming observations of Soft X-ray spectrometer on-board Astro-H X-ray observatory [27] of Micro-X sound- [23] . The new line is detected at > 2 σ (corresponding to ∆χ 2 > 6.2) in 8 objects (marked in bold), confirming previous detections in Perseus [1, 4] and Coma [4] . ing rocket experiment [28] with superior spectral resolution 4 − 7 eV can reveal its astrophysical origin.
The systematic origin of the new line is shown unlikely in pioneering papers [1, 2] . In addition, we plotted in Fig. 2 the dependence of the line position from the object's redshift. If the new line were due to systematic effects, one would expect the corresponding new line in nearby (z = 0) objects at ∼3.40 keV, in apparent tension with observations (3.53±0.03 keV for M31 [2] and 3.539±0.011 keV for Milky Way [3] ) which in turn are better consistent with the new line generation in cosmic objects. The mean value of the line positions in Fig. 2 is 3 .52 keV. The average spread between line positions is 75 eV close to σ instr ≈ 60 eV and consistent with our simulations, according to that the position of ∼ 3σ line can be recovered with ±110 eV precision in 90% of cases.
Interpreting the new line due to decaying dark matter (1) gives the radiative decay lifetime τ DM ≈ (3 − 6) × 10 27 s consistent with previous detections [1] [2] [3] [4] 29] , see Fig. 3 . Non-detection of the line in some of our galaxy clusters does not exclude the dark matter line origin; the strongest 2σ upper bound for our objects comes from Virgo cluster: τ DM 3.5 × 10 27 s.
Non-detection of ∼3.55 keV line in stacked dSphs by [30] is also mildly consistent with these results; planned observa- tions of Draco dSph would reveal the decaying dark matter nature of the line. The absence of the new line in stacked galaxy spectra of [31] formally excludes τ DM < 1.8 × 10
28 s but taking into account systematical effects in spectra (e.g. causing significant negative residuals) and apparent uncertainty in dark matter distributions [17] produces much weaker bound, e.g. τ DM 3.5 × 10 27 s [5] using stacked dataset of nearby galaxies of [19] with comparable exposure. Other bounds on decaying dark matter in ∼3.55 keV energy range (see [19, 32, 33] and references therein) are also consistent with our detections after taking into account residual systematic effects and/or uncertainties of dark matter distributions. single zgaussian with mean energy 3.51 keV. Because there is no "reference" Potassium line to reproduce the 3.51 keV line flux, we fixed only the upper bound of the 3.51 keV line intensity relating it to S XVI line flux at 2.63 keV (or, if 2.63 keV is not detected in the dataset -to its 2σ upper bound) using the procedure described in [26] . To derive electron temperature, we used flux ratios of strong elemental lines, namely S XV lines at 2.45 keV, S XVI lines at 2.63 keV, Ca XIX lines at 3.90 keV and Ca XX lines at 4.10 keV. Because 3.51/2.63 keV line ratio is a decreasing function of electron temperature T e , see Fig. 4 , we used minimal temperature T e,line = min [T e,S , T e,Ca ] for conservative estimate. Another source of uncertainty comes from the (largely unknown) relative K/S abundance ratio. To account possible uncertainties [6, 24, 25] we allowed this ratio to be up to 3 Solar values of [23] . Note that from comparison of columns 4 and 6 one can derive that to explain new line emission solely in terms of K XVIII line complex at 3.51 keV, one should assume strongly supersolar (Abund 
